(16 wk) obese and lean rats. Results from these studies ANG II increased evoked 3H overflow in ISBAT slices to a suggest that alterations in ANG II production and greater extent in preobese rats compared with control.
[3H]NE regulation of sympathetic neurotransmission are apparuptake in ISBAT slices from preobese rats was decreased ent early in the onset of genetic obesity. compared with control. In adult obese rats, plasma renin activity was decreased compared with control. ISBAT ANG II METHODS content was increased in adult obese rats compared with control. Evoked 3H overflow in ISBAT slices preloaded with Animals and genotype identification.
Zucker obese <fa/fa>
[3H]NE was not different between obese and control. ANG II and lean (FAI?) rats (16 wk of age; n = G/group) were obtained did not increase evoked 3H overflow in obese rats; however, from Harlan Laboratories (Indianapolis, IN) and housed in a controlled environment with free access to food and water. For ANG II increased evoked 3H overflow in lean rats.
[3H]NE uptake in ISBAT slices from obese rats was decreased comstudies in 17-day-old rats, mothers with litters (mating of lean pared with control. These results suggest that ANG II modulaheterozygous male and female rats; total of 4 litters) were tion of SN activity is decreased in ISBAT from adult obese rats. obtained when rat pups were 14 days of age and were
In contrast, in young obese rats, increased SN activity and maintained until day 17 for studies. In subsequent studies, ISBAT slices were obtained from young rats over the age range of 17-20 days to allow for completion of studies (8 rats from litters 1 and Z/day). Additionally, evoked 3H overflow was examined in ISBAT slices from adult obese and lean rats (16 wk of age). ISBAT was removed from rats and dissected into two bilateral lobes. The middle portion of the left ISBAT lobe from each rat was cut into 500~pm coronal slices (15 mg) using a McIlwain tissue chopper. ISBAT slices were preincubated for 30 min in modified Krebs buffer containing (in mM): 130 NaCl, 4.7 KCl, 1.18 KH2P04, 1.17 MgS04, 14.9 NaHC03, 5.5 dextrose, 0.026 disodium EDTA, 0.11 L-ascorbic acid, and 1.6 CaClz (pH 7.4) saturated with 95% Oz-5% CO2 in a metabolic shaker at 37°C. After preincubation, slices were incubated with 0.01 FM L-[~-~H]NE (sp act 13.8 Ci/mmol, New England Nuclear) for an additional 30 min. Slices were transferred to Plexiglas superfusion chambers (1 ml volume) and superfused at 1 ml/min with the Krebs buffer for 90 min until basal 3H outflow had stabilized to a low constant level. Two periods of electrical stimulation (Sl and S2, respectively; model S44 Grass stimulator, 60 V, 3 ms duration, 5 Hz for 5 min) were applied to each slice at 110 and 220 min after the start of superfusion.
ANG II (10 nM) was added to the superfusion buffer 15 min before S2. To determine the 3H content of the tissue at the end of the experiment, each slice was solubilized, and the amount of radioactivity in each superfusate and tissue sample was determined by liquid scintillation counting. The efficiency of counting was 67%. Basal outflow and stimulationevoked overflow (fractional release) were calculated as described previously (8, 9). The effect of ANG II was assessed by comparing evoked 3H overflow in response to Sl (absence of ANG II) with evoked 3H overflow in response to S2 (presence of ANG II). An S2-to-S1 ratio was calculated for each slice. One slice from each rat was not exposed to ANG II and served as a within-experiment control. ). The 4°C value was subtracted as the background level of ANG I. ANG I was measured by direct RIA (New England Nuclear). The interassay and intra-assay coefficients of variation were 7.80 and 6.95%, respectively. The cross-reactivity of the angiotensin antibody was 0.6% for angiotensinogen, and < 0.006% for ANG II and III. The sensitivity of the assay was 30 pg/ml. Statistical anazysis.. Results are represented as means t SE. Statistical analysis for NE release and uptake studies using ISBAT slices was performed using repeated-measures twoway analysis of variance with obese/lean as the between-factor variable and ANG II concentration as the within-factor variable. Dunnett's test was used to determine statistical differences in NE release and uptake studies in ISBAT slices. For ANG II content and all other variables analyzed, one-way analysis of variance was used for statistical analysis, followed by t test (grouped data) for determination of statistical differences.
RESULTS
Characteristics of 17-day-old and adult obese and lean rats. Measurement of right inguinal fat pad weight vs. body weight in 17-to ZO-day-old preobese and lean rats revealed two distinct populations of rats. Figure 1 illustrates that rat pups from the four litters fell into two populations, which were designated as preobese (body weight did not differ compared with lean rat pups) or lean rat pups. On the basis of parental genotype, the anticipated percentage of rat pups inheriting the falfa genotype should be 25%; results demonstrated that 27% of rat pups from each litter were designated as preobese (fa/fa genotype). In contrast, the body weight of adult obese rats was greater than that of lean rats (Table 1) . ISBAT wet weight was increased (3.6-fold) in adult obese rats only compared with lean controls. ISBAT protein content in preobese and adult obese rats was decreased (30 and 60%, respectively) compared with lean rats (Table 1) .
Alterations in the systemic and local brown adipose tissue renin-angiotensin system. As an index of the systemic renin-angiotensin system, plasma renin activity was determined in adult obese and lean rats (Table  2 ). Plasma renin activity was decreased (37%) in adult obese rats compared with lean controls. Plasma renin activity was not determined in 17-day-old preobese and lean rat pups due to difficulty in obtaining sufficient plasma for accurate analysis. In contrast to the systemic renin-angiotensin system, ANG II content in ISBAT from adult obese rats was increased compared with lean controls when expressed per milligram protein or lobe ISBAT. Because ISBAT protein content and weight were different between adult obese and lean rats (see Table l ), ANG II content was normalized to weight, protein, and ISBAT lobe (bilateral half of each tissue). In contrast to results obtained in adult obese and lean rats, ISBAT ANG II content (pg/g or pg/lobe) was decreased in 17-day-old preobese rats compared with lean controls. Because protein content was not determined in ISBAT from all 17-day-old rats, ANG II content was not normalized to protein.
Alterations in ANG II-and NE-mediated functions in ISBAT from obese and lean rats. Initial experiments examined the concentration-response curve for the effect of ANG II on evoked 3H overflow from ISBAT slices obtained from normal Sprague-Dawley rats (Fig. 2) used in these studies was increased (53%) compared with lean controls (Table 3 ). In contrast, evoked 3H overflow during Sl in ISBAT slices from adult obese and lean rats was not different (Table 3) . Additionally, evoked 3H overflow from ISBAT slices from adult rats (obese and lean) was lower than that observed in slices from 17-day-old rats. ANG II-mediated increases in evoked 3H overflow @Z-to-S1 ratio > 1.00) were not evident in ISBAT slices from 17-day-old lean rats (Table 3) . However, ANG II (10 nM) resulted in an increase (41%) in evoked "H overflow in ISBAT slices from preobese rats. In contrast, whereas ISBAT slices from adult lean rats responded presynaptically to ANG II (10 nM), no response to ANG II was observed in ISBAT slices from adult obese rats.
Specific neuronal uptake of [3H]NE in ISBAT slices was decreased in preobese and adult obese rats compared with lean controls (Table 3) . However, the magnitude of the decrease in neuronal uptake was greater in ISBAT slices from adult obese rats (43%) compared with 17-day-old preobese rats (33%).
DISCUSSION
The present study demonstrates that alterations in the production and function of ANG II in brown adipose tissue occur in young Zucker obese rats. Additionally, alterations in the brown adipose tissue renin-angiotensin system occur in adult Zucker obese rats; however, the differences in ANG II production and function in brown adipose tissue from adult Zucker obese rats are opposite to those observed in 17-day-old obese rats.
With the use of measurement of right inguinal fat pad weight in 17-day-old littermates as a method for phenotypic identification of genotype (15), offspring from heterozygous matings gave rise to 27% of rats with the obese (falfa) genotype. However, body weight of littermates at 17 days of age did not differ. These results are in agreement with previous studies demonstrating measurement of inguinal fat pad size is a reliable phenotypic marker of the obese genotype as early as 17 days of age (15). Chara t c eristics of brown adipose tissue obtained from 17-day-old and adult obese and lean rats used in this study were similar to those observed by previous investigators (5,129. For example, protein content was decreased in ISBAT from preobese and adult obese rats compared with lean controls, whereas ISBAT weight was increased in adult obese rats compared with lean controls. Differences in weight of ISBAT were most likely the result of excess lipid pools in brown adipose tissue from adult obese rats (16).
As an index of systemic activity of the reninangiotensin system, plasma renin activity was decreased in adult obese rats compared with lean controls. These results are in agreement with previous studies demonstrating blunted activity of the renin-angiotensin system in obese Zucker rats (Zl), presumably in response to blood volume expansion. In contrast, ISBAT ANG II content (expressed as pg/mg protein or pg/lobe) was increased in adult obese rats compared with lean controls. Considerable differences in weight or protein content of ISBAT from adult obese and lean rats suggest that ANG II content normalized per ISBAT lobe may provide the best estimate of ANG II content. When ANG II content was normalized to an anatomical parameter that did not differ between rats identified as preobese or lean, an increase in ISBAT ANG II content was observed in adult obese rats. In contrast, decreased ISBAT ANG II content was observed in preobese rats compared with lean littermates. (1) and decreased oxygen consumption (14), occur before the phenotypic appearance of obesity in Zucker rats. Additionally, decreases in ISBAT NE content are evident by 7 days of age in preobese rats (4), and diminished ISBAT NE turnover is apparent by 35 days of age (24, 17). However, turnover of NE in brown adipose tissue from preobese rats ( < 35 days of age) has not been previously examined. In the present study, evoked 3H overflow from ISBAT slices preloaded with [3H]NE was examined as an index of sympathetic nervous system activity in brown adipose tissue. Evoked fractional release of 3H from ISBAT slices obtained from 1 7-day-old obese rats was greater than that observed in . lean littermates, su .ggesting increases in evoked release of NE. On the basis of these res ults, decreases in ISBAT NE content, as determined bY previous investigators in preobese rats, may be the result of enhanced NE turnover (release). Additionally, decreased neuronal uptake of [3H]NE in ISBAT slices from preobese rats observed in the present study suggests increases in synaptic NE concentrations. Recent studies demonstrate differential desensitization of postsynaptic P-receptors (PI, &,, or p3) in adipose tissue (7). Future experiments will determine if decreased thermogenie function in ISBAT from obese rats is associated with p-agonist-induced receptor desensitization.
Evoked 3H overflow was lower in ISBAT slices from adult rats compared with 17-day-old rats. This is in agreement with previous studies demonstrating that brown adipose tissue thermogenesis is higher in newborn and young rats and decreases with age (20). In contrast to alterations observed in preobese rats, evoked 3H overflow during Sl was not different in ISBAT slices from adult obese and lean rats. These results suggest that stimulation-evoked release of T3H1NE from ISBAT slices is not the primary mechanism for decreased thermogenesis observed in adult obese rats.
Neuronal uptake of [3H]NE in ISBAT slices from adult obese rats was decreased compared with lean controls, suggesting increased concentrations of NE at postsynaptic P-adrenoceptors. Considering that similar results were obtained in 17-day-old preobese rats, these results suggest that defective thermogenesis of brown adipose tissue from adult obese rats may be a compensatory response to chronically elevated NE concentrations.
In addition to alterations in sympathetic neurotransmission activity, ANG II modulation of evoked 3H overflow was observed in ISBAT slices from preobese rats. In contrast, no responses to ANG II were observed in ISBAT slices from 17-day-old lean littermates. Concentrations of ANG II used in these experiments were based on initial studies examining the concentration-response curve to the presynaptic effects of ANG II. ANG II, at relatively low concentrations, increased evoked 3H overflow from ISBAT slices preloaded with [3H]NE. These results are in agreement with previous studies demonstrating presynaptic facilitation of catecholamine release in the presence of low concentrations of ANG II (23). In agreement with previous studies (8), the concentration-response curve for the effect of exogenous ANG II on evoked 3H overflow from ISBAT slices exhibited an inverted U-shaped function. Decreased responsiveness to higher ANG II concentrations (> 10 nM) is presumably the result of nonspecific actions of ANG II at sites other than sympathetic nerve terminals. The absence of response to ANG II observed in ISBAT slices from lean rats may suggest that modulation of catecholamine release occurs only in adult brown adipose tissue. Alternatively, these results may suggest a shift in the ECsO for ANG II-induced modulation of evoked 3H overflow from ISBAT slices in preobese rats compared with lean littermates. Future studies will examine the complete concentration-response relationship for the effect of ANG II on evoked 3H overflow in ISBAT from preobese and lean rats.
In contrast to results obtained in preobese rats, ISBAT slices from adult obese rats failed to respond presynaptically to a maximally effective ANG II concentration in normal rats. These results suggest that ANG II modulation of sympathetic nervous system activity in brown adipose tissue is decreased in adult Zucker obese rats compared with lean controls. Alternatively, decreased responsiveness to exogenous ANG II may be the result of maximal stimulation by elevated endogenous ANG II concentrations at nerve terminals of ISBAT from adult obese rats.
In summary, results from this study demonstrate that alterations in ANG II production and function in brown adipose tissue occur in Zucker obese rats. Additionally, observed differences in ANG II production and function in young obese rats may contribute to the development of defective energy expenditure observed in Zucker obese rats.
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